We calculate Yukawa corrections of order α ew M 2 t /M 2 W to single top quark production via qq ′ → tb at the Fermilab Tevatron in the two-Higgs-doublet models. In our calculation we also keep the terms proportional to M 2 b tan 2 β since their effects may become rather important for large tan β. The corrections can amount to more than a 15% reduction in the production cross section relative to the tree level result in the general two-Higgs-doublet model, and a 10% enhancement in the minimal supersymmetric model, which might be observable at a high-luminosity Tevatron.
Introduction
The top-quark physics has become a very active research area since the top quark was discovered by the CDF and D0 Collaborations at the Fermilab Tevatron [1] . It is timely to focus attention on directly investigating the properties of the top quark, especially its production mechanisms. With the increase in the number of top quark events at the Tevatron, the experimental errors are expected to be further reduced. With the next Tevatron run at √ s = 2.0 TeV, one can expect about twenty times as much data as exist now. Thus, the comparison between the observed top quark production properties and more precise theoretical calculations will be an inportant probe for the possible existence of new physics. At the Tevatron top quarks are produced primarily via two independet mechanisms: The dominant production mechanism is the QCD pair production process→ tt [2] . Single top production via W -gluon fusion subprocess g + W → tb [3] and the subprocess′ → tb [4] are also important. These latter processes involve the electroweak interaction and, therefore, can probe the electroweak sector of the theory, in contrast to the QCD pair production mechanism.
A recent analysis [5] of the process′ → tb showed that it is potentially observable at the Tevatron with 2-3 f b −1 of integrated luminosity. This process probes the top quark with a timelike W boson, q 2 > (M t + M b ) 2 , while the W -gluon fusion process involves a spacelike W boson, q 2 < 0, and these processes are therefore complementary. Moreover, in the Standard Model (SM), the process′ → tb can be reliably predicted and the theoretical uncertainty in the cross section is only about a few percent due to QCD corrections [6] . Although the statistical error in the measured cross section for this process at the Tevatron will be about ±30% [5] , a high-luminosity Tevatron would allow a measurement of the cross section with a statistical uncertainty of about 6% [6] . At this level of experimental accuracy a calculation of the radiative corrections is necessary. In Ref. [6] the QCD and Yukawa corrections to single top quark production′ → tb have been calculated in the SM. While the QCD corrections were found to be quite large, the Yukawa corrections were found to be negligible. Since the SM weak corrections are expected to be comparable to the Yukawa corrections, they too should be negligible. Beyond the SM, the Yukawa corrections might be greatly enhanced, since more Higgs bosons with stronger couplings to top or bottom quarks are involed in some new physics models. Once the top quark mass is known precisely, these effects could be used as an indirect test for new physics beyond the SM; for example, the two-Higgsdoublet model(2HDM) and the minimal supersymmetric model(MSSM) [7] . At least, the data could be used to place restrictions on these models. Therefore, it is worthwhile to investigate single top quark production via′ → tb in these models. In this paper we present the calculation of the Yukawa corrections of order α ew M 2 t /M 2 W to single top production at the Fermilab Tevatron in both the 2HDM and the MSSM. These corrections arise from the virtual effects of the third family (top and bottom) of quarks, neutral and charged Higgs bosons, and neutral and charged Goldstone bosons. We note that our calculations can be easily extended to the pseudo-Goldstone boson (PGB) corrections in technicolor models [8] by substituting the virtual PGB's in the technicolor models for the virtual Higgs bosons in the 2HDM and MSSM.
Calculations
The tree-level Feynman diagram for single top quark production via′ → tb is shown in Fig.1 
and
where
Here p 1 and p 2 denote the momentum of the incoming quarks q andq ′ , while p 3 and p 4 are used for the outgoing t andb quarks, andŝ is the center-of-mass energy of the subprocess. δZ The renormalized differential cross section of the subprocess is
where θ is the angle between the top quark and incoming quark. Integrating this subprocess differential cross section over cos θ one findŝ
is the tree-level result and the correction is
The total hadronic cross section for the production of single-top-quark via′ can be written in the form
Here A and B denote the incident hadrons and P 1 and P 2 are their four-momenta, while i, j are the initial partons and x 1 and x 2 are their longitudinal momentum fractions. The functions f A i and f B j are the usual parton distributions. In our numerical calculations, we have used the CTEQ3L parton distribution functions for the tree level cross section, and CTEQ3M parton distribution functions [10] for the O(α ew M 2 t /M 2 W ) Yukawa corrections, as in ref. [6] , to facilitate comparison. There is no Yukawa correction to parton distribution functions as pointed out in Ref. [11] . We will also compare our calculations with those calculated using the MRSG parton distribution functions [12] below. Finally, introducing the convenient variable τ = x 1 x 2 , and changing independent variables, the total corss section
The quantity dL ij /dτ is the parton luminosity, which is defined to be
Numerical results and discussions
In the following we present some numerical results for the Yukawa corrections to the total cross section for single top quark production via′ → tb at the Fermilab Tevatron with √ s = bounds [16] and tan β > 0.25 (for M t = 175GeV) from perturbative unitarity [16] . We will, therefore, limit the value of tan β to be in the range of 0.25 to 30. However, in the 2HDM, the corrections can reduce the cross section by more than −10% for M h = M H < 100GeV, and for M h = M H = 50GeV they can be as large as −20%. for M H + in the range 100GeV to 400 GeV. In Fig.3 the solid curve corresponds to M t = 175
GeV, again using CTEQ3L distributions for σ 0 and CTEQ3M distributions for ∆σ. The top decay into a charged Higgs plus a bottom is crossed in these regions. If we change the top quark mass, we found that this region is also shifted correspondingly, which provides a check on our calculations, especially of the treatment of the threshold. From Fig.3 we see that the difference between the results obtained using CTEQ3 distributions and using MRSG distributions is negeligibly small. We also found that the results using MRS(A') distributions [12] are almost the same as the MRSG results, and thus we did not present them.
In both Fig.2 and Fig.3 , we used the minimal value (0.25) for tan β. When tan β becomes larger, the corrections may drop rapidly since the dominant effects arise from the terms
. In Fig.4 we present the dependence of the relative correction, ∆σ/σ 0 , on the value of tan β using CTEQ3L for σ 0 and CTEQ3M for ∆σ. The solid curve corresponds to the 2HDM assuming M t = 175GeV, M H + = M A = 600GeV and M H = M h = 65GeV. The dotted curve corresponds to the MSSM assuming M t = 175GeV and M H + = 100GeV. The corrections are only significant for small tan β and are quite sensitive to tan β for tan β < 5.
Since the cross section for single top production can be reliably predicted in the SM [6] and the statistical error in the measurment of the cross section will be about 6% at a high-luminosity Tevatron [6] , these corrections may be observable; at least, interesting new constraints on these models can be established.
Note that in the MSSM, besides these Yukawa corrections arising from the Higgs sector, the supersymmetric (SUSY) corrections due to super particles (sparticles) should also be taken into account [17] . The dominant virtual effects of sparticles arise from supersymmetric QCD corrections of order α s and the supersymmetric electroweak correction of order
W which arise from loops of charginos and neutralinos, the supersymmetry partners of Higgs and vector bosons. However, the anomalous magnetic moment for a spin 1/2 fermion vanishes in the SUSY limit [18] and away from the SUSY limit the cancellations have somewhat less effect. Therefore, in general one can expect the Yukawa corrections from the Higgs sector and the supersymmetric electroweak corrections from virtual charginos and neutralinos to cancel to some extent.
In conclusion, we calculated the Yukawa corrections of order α ew M Appendix A
where ∆ ≡ 
The form factors f
where the sums over
and f
and f L,R i4 , and j = H, h for f
are implied. The functions c ij defined as
are the three-point Feynman integrals [19] . The constants η i , λ i and ξ ij are defined as The dotted curve corresponds to the SM for M t = 175 GeV. 
